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E\ $WWLD HWDO 7KHRWKHUGHVLUDEOHFKDUDFWHULVWLFVRIWKHDOOR\DUHKLJKWKHUPDOIDWLJXHUHVLVWDQFHUHVLVWDQFH
WR WKHUPDO VKRFN DQG KLJK PHOWLQJ WHPSHUDWXUH PDNHV DQ LGHDO PDWHULDO IRU XVH LQ DHURVSDFH DXWRPRWLYH DQG
FRUURVLYHDSSOLFDWLRQVVXFKDVPDULQHHTXLSPHQWQXFOHDUUHDFWRUVSHWURFKHPLFDOSODQWVIRRGSURFHVVLQJHTXLSPHQW
DQGSROOXWLRQFRQWURODSSDUDWXVE\ &KRXGKXU\ HWDO
(YHQ WKRXJK UHTXLUHG IURPGHVLJQ SHUVSHFWLYH WKHVH SURSHUWLHV SRVH D VHULRXV FKDOOHQJH WR WKHPDQXIDFWXULQJ
VHFWRU 3URSHUWLHVVXFK DVORZWKHUPDOFRQGXFWLYLW\JHQHUDWLRQRIKLJKWHPSHUDWXUHDWFXWWLQJ]RQHXSWR&
KLJKZRUNKDUGHQLQJWHQGHQF\DQGKLJKWRROZRUNSLHFHDIILQLW\ZKLFKOHDGWR WKHIRUPDWLRQRIEXLOWXSHGJHRQWKH
FXWWLQJ WRRO PDWHULDO DQG KHQFH WKH\ DUH FDWHJRUL]HG DV ³GLIILFXOWWRFXW´  PDWHULDOV E\ *HVVLQJHU HW DO
(]XJZX HW DO  5HGG\ HW DO  DQG $UXQDFKDODP HW DO  6HYHUDO SUREOHPV WKDW DULVH ZKLOH
PDFKLQLQJ RI QLFNHO EDVHG VXSHU DOOR\V DUH VXUIDFH FUDFNLQJ SODVWLF GHIRUPDWLRQ PHWDOOXUJLFDO WUDQVIRUPDWLRQV
LQFUHDVHGPLFURKDUGQHVVDQGWKHIRUPDWLRQRIWHQVLOHUHVLGXDOVWUHVVHVZKLFKUHVXOWLQVLJQLILFDQWORVVLQ SURGXFWLRQ
E\ %UDJKLQL HW DODQG &KDR;XH HWDO
0DQ\ UHVHDUFKZRUNV KDYH EHHQ FDUULHG RXW RQ WXUQLQJ RI ,QFRQHO  WR LPSURYHPDFKLQDELOLW\ E\ FKRRVLQJ
GLIIHUHQWFKDUDFWHULVWLFVVXFKDV DSSOLFDWLRQRIQHZJHQHUDWLRQFXWWLQJWRROVRSWLPL]DWLRQRIWRROJHRPHWU\DQGXVHRI
QRQWUDGLWLRQDO PDFKLQLQJSURFHVVHV*HQHUDOO\FRDWHGFDUELGHWRROV&%1DQGZKLVNHUUHLQIRUFHGFHUDPLFWRROVDUH
XVHGIRUPDFKLQLQJRI,QFRQHO&XELF%RURQ1LWULGH&%1FXWWLQJJLYHJRRGSHUIRUPDQFHLQWHUPVRIWRROOLIH
DQGVXUIDFHURXJKQHVVDWKLJKHUFXWWLQJVSHHGFRPSDUHGWRFHUDPLFWRROVLQGU\WXUQLQJ WRROVE\ $UXQDFKDODP HWDO
DQG &RVWHV HWDO$FFRUGLQJWR%XVKO\DHWDO3&%1WRROVRIIHUH[FHOOHQWSHUIRUPDQFHGXULQJ
PDFKLQLQJRI,QFRQHOEXWWKHLUFRVWVDUHUHODWLYHO\KLJKDVFRPSDUHGWRFDUELGHWRROV$WORZHUFXWWLQJVSHHGV
VD\  PPLQ +66 DQG XQFRDWHG FDUELGH LQVHUWV DUH XVXDOO\ SUHIHUUHG E\ 'HYLOOH] HW DO  'XH WR WKH
DGYDQFHPHQW LQ FRDWLQJ WHFKQRORJ\ KLJK FXWWLQJ VSHHG RI XS WR PPLQ LV DFKLHYDEOH ZLWK FRDWHG FHPHQWHG
FDUELGHVDQGLVZLGHO\XVHGLQWKHLQGXVWULHV E\ 'XG]LQVNL HWDO +RZHYHUWKHH[WHQWRIWKHLUHIIHFWLYHQHVV
KDVEHHQFULWLFDOO\DQDO\]HGE\ UHVHDUFKHUV LQ WHUPVRISHUIRUPDQFHPHWULFV ,WDNXUDHW DO >@ LQYHVWLJDWHG WKH
DSSOLFDWLRQ RI 7L17L&PXOWLOD\HUHG FRDWLQJ DQG IRXQG EHWWHU SHUIRUPDQFH XS WR PPLQ DQG DW KLJKHU VSHHG
DGKHVLRQZHDUZDVIRXQGWREHWKH GRPLQDQWZHDU-LQGDOHWDO IRXQGWKDW7L$O1FRDWHGLQVHUWVH[KLELWJRRG
SHUIRUPDQFHERWKDWORZDQGKLJKFXWWLQJVSHHGVGXHWRWKHHIIHFWRIORZWKHUPDOFRQGXFWLYLW\DQGDFWDVSURWHFWLQJ
OD\HU IRU WKH WRRO VXUIDFH IURP KHDW WUDQVIHU DQG IRU UHVLVWDQFH WR WKH %8( IRUPDWLRQ 'XFURV HW DO 
LQYHVWLJDWHG WKH XVH RIPXOWLOD\HU DQG QDQR OD\HU FRDWLQJV HVSHFLDOO\7L1$O7L1 RQ GU\ WXUQLQJ RI ,QFRQHO 
UHVXOWLQJVLJQLILFDQWSURGXFWLYLW\LPSURYHPHQWZKHUHDVWKHDEUDVLYHZHDULVWKH PDLQGRPLQDQWWRROIDLOXUH
+RZHYHULWLVQHFHVVDU\WRGHWHUPLQHRSWLPDOFXWWLQJSDUDPHWHUVLQRUGHUWRDWWDLQPLQLPDOFRVWVDQGSURGXFWLRQ
WLPH ,Q UHFHQW \HDUV UHVHDUFK KDV EHHQ GRQH RQ VWDWLVWLFDO DQG 7DJXFKL¶V PHWKRG RI H[SHULPHQWDO VWXGLHV WR
GHWHUPLQHWKHHIIHFWVRIFXWWLQJSDUDPHWHUVRQYDULRXVTXDOLW\FKDUDFWHULVWLFVUHODWLQJWRWXUQLQJRSHUDWLRQRQYDULRXV
PDWHULDOV 3DZDGH HW DO  XVHG IRXU IDFWRU DQG WKUHHOHYHO IUDFWLRQDO IDFWRULDO GHVLJQ WR VWXG\ WKH HIIHFW RI
SURFHVVDQGWRROGHSHQGHQWSDUDPHWHUVWRGHWHUPLQHRSWLPDOSHUIRUPDQFHLQGLFHV$FFRUGLQJWRKLVREVHUYDWLRQVWKH
VXUIDFH URXJKQHVV UHDFKHG DPLQLPXP YDOXH ZLWK WKH WRRO HGJH JHRPHWU\ DQJOH RI Û DW KLJKHU FXWWLQJ VSHHGV
6LPLODUO\ZLWKWKHLQFUHDVHLQFXWWLQJVSHHGFXWWLQJIRUFHZDVIRXQGWRGHFUHDVHDQGYLFHYHUVD )HZVWXGLHVKDV
EHHQ FDUULHG RXW RQ WKH HIIHFW RI FXWWLQJ IOXLGV DQG WKH UHVXOWV VKRZV QR VLJQLILFDQW LPSURYHPHQW RQ PDFKLQLQJ
SHUIRUPDQFH E\ (]XJZX HWDO
)URP WKH UHYLHZ RI OLWHUDWXUH LW LV REVHUYHG WKDW RQO\ IHZ LQYHVWLJDWLRQV KDYH EHHQ FDUULHG RXW IRU WKH
RSWLPL]DWLRQDQGVWDWLVWLFDOPRGHOLQJRISURFHVVSDUDPHWHUVLQGU\WXUQLQJRI,QFRQHO7RRYHUFRPHWKHDERYH
VKRUWFRPLQJWKHSUHVHQWZRUNKDVEHHQIRFXVHGWRDWWDLQWKHIROORZLQJREMHFWLYHV
L 3ODQQLQJRIH[SHULPHQWDOGHVLJQDFFRUGLQJWRWKHFKRLFHRIIDFWRUVLWVOHYHOV
LL 7RFRQGXFWWKHPDFKLQLQJH[SHULPHQWVRQ,QFRQHOXQGHUGU\WXUQLQJXVLQJQHZJHQHUDWLRQFXWWLQJ
LQVHUW$O7L1  39'FRDWHG FDUELGHLQVHUW
LLL 7R SUHGLFWWKH RSWLPXP SURFHVVSDUDPHWHUXVLQJ7DJXFKL¶VH[SHULPHQWDOGHVLJQSURFHGXUH
LY 7RGHYHORSDVWDWLVWLFDOPRGHODQGYDOLGDWHWKHUHVXOWVREWDLQHGXVLQJWDJXFKLPHWKRG
Y 7RFRQGXFWWKHFRQILUPDWLRQWHVWDWRSWLPXPOHYHOVWRFRPSDUHWKHSUHGLFWHGUHVXOWVDQGWRDQDO\]HWKH
WRROZHDUSDWWHUQVXVLQJ6(0LPDJHV
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 ([SHULPHQWDO0HWKRGV
7KHGHWDLOVRIWHVWVSHFLPHQFXWWLQJFRQGLWLRQVPHDVXUHPHQWVDQGPHWKRGRORJ\DGRSWHGIRUWKH SUHVHQW VWXG\
DUH GHVFULEHG LQWKHIROORZLQJVHFWLRQV
7HVW VSHFLPHQ&XWWLQJ LQVHUW DQGPHDVXUHPHQWV
'U\ WXUQLQJ RSHUDWLRQV EDVHG RQ 7DJXFKL¶V / H[SHULPHQWDO DUUD\ ZHUH FDUULHG RXW RQ ,QFRQHO  EDU RI
GLDPHWHUPPDQGOHQJWKPPLQDPHGLXPGXW\ODWKHN:USP 7KHFKHPLFDOFRPSRVLWLRQRI,QFRQHO
 LQZW LV OLVWHG LQ7DEOH(DFK PDFKLQLQJ WULDO KDV EHHQ FDUULHGRXW RQ DQHZ IUHVK FXWWLQJ HGJH3ULRU WR
H[SHULPHQWDO WULDOV D VNLQ FXW RI PP WKLFNQHVV LV GRQH LQ RUGHU WR DYRLG DQ\ GHIRUPLWLHV RQ WKH VXUIDFH7KH
FXWWLQJ WRRO XVHG ZDV 39' FRDWHG FDUELGH LQVHUW .& PDQXIDFWXUHG E\.HQQDPHWDO *UDGH.& LV DQ
DGYDQFHG 39' FRDWHG ILQHJUDLQ WXQJVWHQ FDUELGH LQVHUW VSHFLILFDOO\ GHVLJQHG IRU PDFKLQLQJ KLJKWHPSHUDWXUH
DOOR\V,WVVXEVWUDWHKDVFREDOWIRUH[FHOOHQWWRXJKQHVVDQGGHIRUPDWLRQUHVLVWDQFH7KHLQVHUWVXVHGZHUHRI ,62
FRGLQJ&10*06ÛGLDPRQGVKDSHG LQVHUWZLWKQHJDWLYHUDNHDQJOHDQGQRVHUDGLXVRIPPDQG
ZHUHPRXQWHGRQDWRROKROGHUGHVLJQDWHGE\,62FRGLQJ3&/1506XUIDFHURXJKQHVVPHDVXUHV5D5W
5] DQG FXWWLQJ IRUFH )] ZHUH FRQVLGHUHG DV SHUIRUPDQFH FKDUDFWHULVWLFV DQG PHDVXUHG E\0DKU VXUI WHVW DQG
.LVWOHUG\QDPRPHWHUUHVSHFWLYHO\7RPHDVXUHURXJKQHVVRIWKHVXUIDFHWKHFXWRIIOHQJWKKDVEHHQIL[HGDVPP
DQGPPDVDVVHVVPHQWOHQJWK7KHPHDVXUHPHQWZDVWDNHQDWWKUHHORFDWLRQVÛDSDUWDURXQGWKHFLUFXPIHUHQFH
RIWKHZRUNSLHFHDQGUHSHDWHGWKULFHDWHDFKSRLQWRQWKHIDFHRIWKHPDFKLQHGVXUIDFHDQGWKHDYHUDJHYDOXHVZHUH
UHFRUGHG7KHFXWWLQJIRUFHYDOXHVZHUHUHFRUGHGXVLQJDGLJLWDOLQGLFDWRUYLDGDWDDFTXLVLWLRQV\VWHP7KHUHVXOWDQW
FXWWLQJIRUFHZDVWKHQ FRQVLGHUHG WRHYDOXDWHWKHPDFKLQLQJSHUIRUPDQFHLQWKLVVWXG\
7DEOH&KHPLFDOFRPSRVLWLRQZWRI,QFRQHODOOR\
(OHPHQWV & 0Q 6L 7L $O &R 0E &E )H &U 1L
3HUFHQWDJH           
0HWKRGRORJ\
7KHH[SHULPHQWDOGHVLJQZDVEDVHGRQ7DJXFKL¶VRUWKRJRQDODUUD\ZKLFKLQYROYHVVHOHFWLQJUHVSRQVHYDULDEOHV
LQGHSHQGHQW YDULDEOHV DQG WKHLU LQWHUDFWLRQV 7KH SURFHVV IORZ FKDUW RI WKH H[SHULPHQWDO VWHSV DQG RSWLPL]DWLRQ
SURFHGXUHDUHVKRZQLQ)LJ 7KHOHYHOVRIWKHSURFHVVSDUDPHWHUVZHUHVHOHFWHGLQRUGHUWRFRYHUDVXIILFLHQWO\
ZLGH UDQJH RI SRVVLEOH FXWWLQJ FRQGLWLRQV 7KH SDUDPHWHUV DQG WKH FRUUHVSRQGLQJ OHYHOV FKRVHQ IRU WKLV
H[SHULPHQWDWLRQ ZHUH JLYHQ LQ 7DEOH  7KH 7DJXFKL PHWKRG XVHV 6LJQDOWR1RLVH 61 UDWLR WR PHDVXUH WKH
YDULDWLRQVRIH[SHULPHQWDOGHVLJQ7KHZRUGµVLJQDO¶LQGLFDWHVWKHGHVLUDEOHYDOXHDQGWKHZRUGµQRLVH¶LQGLFDWHVWKH
XQGHVLUDEOH YDOXH 7KH IRUPXODH IRU VLJQDOWRQRLVH UDWLR DUH GHVLJQHG VXFK WKDW WKH H[SHULPHQWDOLVW FDQ DOZD\V
VHOHFWWKHIDFWRUOHYHOVHWWLQJVZKLFKPD[LPL]HWKH61UDWLRWRRSWLPL]HWKHTXDOLW\FKDUDFWHULVWLFVRIDQH[SHULPHQW
7KHQWKHVHOHFWLRQRIFDOFXODWLQJWKHVLJQDOWRQRLVHUDWLRGHSHQGVRQWKHFKDUDFWHULVWLFVVXFKDV VPDOOHUWKHEHWWHU
ODUJHUWKHEHWWHURUQRPLQDOWKHEHWWHU7KHREMHFWLYHRI WKH SUHVHQWZRUN LV WRRSWLPL]H WKHSURFHVVSDUDPHWHU IRU
WKH PLQLPL]DWLRQ RI VXUIDFH URXJKQHVV 5D 5W DQG 5] DQG FXWWLQJ IRUFH )] YDOXHV 7KHUHIRUH LQ WKLV ZRUN D
VPDOOHUWKHEHWWHU FKDUDFWHULVWLF KDV EHHQ WDNHQ WR FDOFXODWH WKH VLJQDOWRQRLVH UDWLR 7KH FXWWLQJ IRUFH )] DQG
VXUIDFHURXJKQHVV5D5WDQG5]YDOXHVZHUHPHDVXUHGIURPWKHH[SHULPHQWDOWULDOVDQGWKHLUFRUUHVSRQGLQJ61
UDWLRYDOXHVDUHOLVWHGLQ7DEOH
7DEOH 3URFHVVSDUDPHWHUDQGWKHLUOHYHOVXVHGLQWKHH[SHULPHQWV
3URFHVVSDUDPHWHU 8QLW /HYHO /HYHO /HYHO
&XWWLQJ6SHHG$ PPLQ   
)HHGUDWH% PPUHY   
'HSWKRIFXW& 0P   
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D E DQG F UHVSHFWLYHO\ ,W LV REVHUYHG IURP6(0 LPDJHV WKDW DW ORZHU
FXWWLQJ VSHHGWKHWRROZHDUZDVIRXQGPDLQO\RQWKHUDNHIDFHDQGIODQNIDFH)LJDVKRZVUDNHVXUIDFHZHDUDW
FXWWLQJ VSHHG9 PPLQDQG IHHG UDWH I PPUHY)URP)LJ D LWZDV IRXQG WKDWEULJKWEUDQGDW WKH
FXWWLQJHGJHLVIODQNZHDURIDERXW DWWKHFXWWLQJOHQJWKRIPPLVPP$VWKHFXWWLQJOHQJWKLVYHU\VKRUW
WKHUHLVQRWVXEVWDQWLDOJURZWKRIZHDUZDVIRXQGRQWKHUDNHDQGIODQNIDFHDWWKLVORZFXWWLQJVSHHG+RZHYHUDV
FXWWLQJVSHHGLQFUHDVHGIURPPPLQWRPPLQQRQ XQLIRUPZHDUVDWWKHIODQNIDFHRIWKHFXWWLQJLQVHUWZDV
REVHUYHG$WY PPLQWKHZHDURQWKHWRROORRNVOLNHDFDWHU)LJD%XWZKHQH[DPLQHWKURXJK6(0LPDJH
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WKH UDNH IDFHRI WKHSLFWXUH)LJ  E VKRZV WKHUHRI VRPHPLFUR FUDFNV DURXQG WKH FDUWHU UHJLRQZKLFKPHDQV
PLFURFKLSSLQJDWWKHFXWWLQJHGJHPD\EHKDSSHQHGEHIRUHFDUWHUZHDU7KLVLQGLFDWHVWKHZHOGLQJRIWKHZRUNSLHFH
PDWHULDOPD\EHKDSSHQHGEHWZHHQ WKHIODQN IDFHRI WRRODQGPDFKLQHGZRUNSLHFHVXUIDFH7KHZHOGHGPDWHULDO
PD\ EHWDNHQE\WKHZRUNSLHFHZKLFKPDNHVWKHZHDURQIODQNIDFHLVEULJKW,WDOVRFOHDUIURPWKHFXWWLQJHGJH
WKHHGJHFKLSSLQJLVGXHWRWKHDEUDVLRQZHDURIWKHFXWWLQJWRRODUHVSUHDGLQJRYHUWKHIODQNIDFH)LJFVKRZVWKH
FDUWHUZHDUDWFXWWLQJVSHHGY PPLQDQGI PPLQ$WFXWWLQJVSHHGLQFUHDVHVIURPPLQWRPPLQ
WKHIODQNZHDUJUDGXDOO\LQFUHDVHIURPPPWRPPZKLFKLQGLFDWHVGLIIHUHQWZHDUSDWWHUQDQGVXUIDFH
URXJKQHVV  ,WFDQEHIRXQG WKDW WKHVXUIDFHURXJKQHVVFKDQJHVJUDGXDOO\ZLWK WKH LQFUHDVLQJRIFXWWLQJ VSHHG$W
9 PPLQWKHIODQNVXUIDFHDSSHDUVYHU\FRDUVHZKLOHDW9 PPLQWKHIODQNVXUIDFHVHHPVPXFKEHWWHUWKDQ
WKDWDW9 PPLQ
D E F
)LJ D7RROZHDU DW9 PPLQ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E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HGJHFKLSSLQJRQIODQNDQGUDNHIDFH
F7RROZHDUDW9 PPLQ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 
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5W
5W     
7RRO:HDU     
1RWH$W2SWLPDO &RQGLWLRQ$%&
6XUIDFH5RXJKQHVV5]
5]     
7RRO:HDU     
1RWH$W2SWLPDO&RQGLWLRQ$%&
&XWWLQJ)RUFH)]
)]     
7RRO:HDU     
1RWH$W 2SWLPDO&RQGLWLRQ$%&
 &RQFOXVLRQ
7KLVSDSHU GLVFXVVHG DERXWWKH PRGHOLQJDQGRSWLPL]DWLRQRI GU\PDFKLQLQJRI,QFRQHOXVLQJFRDWHGWXQJVWHQ
FDUELGHLQVHUW/ RUWKRJRQDODUUD\61UDWLRDQG$129$ZHUHDGRSWHGIRUILQGLQJWKHRSWLPDOSURFHVVSDUDPHWHU
IRU WKHSHUIRUPDQFHPHDVXUHVRI FXWWLQJIRUFHDQGVXUIDFH URXJKQHVV/LQHDU UHJUHVVLRQPRGHOZDVGHYHORSHGIRU
VXUIDFHURXJKQHVVDQGFXWWLQJIRUFHWRFKHFNWKHPRGHODGHTXDF\7KH IROORZLQJ FRQFOXVLRQV ZHUH GUDZQIURPWKH
SUHVHQWUHVHDUFK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x %DVHGRQ WKH UHVSRQVHWDEOHUHVSRQVHJUDSKDQG$129$DQDO\VLVWKHRSWLPDOFXWWLQJSDUDPHWHU
IRU5D5W 5]DQG)] ZHUH$%& LHFXWWLQJVSHHGDWPPLQIHHGDWPPUHYDQGGHSWKRI
FXWDWPPUHVSHFWLYHO\
x )HHG UDWH ZDV IRXQG WR EH WKH PRVW VLJQLILFDQW SDUDPHWHU IRU 5D 5W 5] ZKLFK DFFRXQWV WKH
PD[LPXP SHUFHQW FRQWULEXWLRQ RI    IROORZHG E\ GHSWK RI FXW  
&XWWLQJVSHHGKDVWKHLQVLJQLILFDQWHIIHFWRQVXUIDFHURXJKQHVV
x )HHGUDWHDQGGHSWKRIFXWZDVIRXQG WREHVLJQLILFDQWSDUDPHWHUV IRU)] ZLWK DQG
x 7KH GHYHORSHG UHJUHVVLRQ HTXDWLRQ IRU ERWK FXWWLQJ IRUFH DQG VXUIDFH URXJKQHVV KDYH KLJK
GHWHUPLQDWLRQ FRHIILFLHQW 5 ZKLFK H[SODLQLQJ    DQG  DQG VKRZV WKDW WKH
GHYHORSHG PRGHOKDVKLJKVLJQLILFDQWRQWKHUHVSRQVHV
x $W FXWWLQJ VSHHG9 PPLQ WKH WRROZHDU LV RQ REYLRXV GXH WR ORZ FXWWLQJ WHPSHUDWXUH DQG
VKRUW FXWWLQJ OHQJWK 7KH GRPLQDQW ZHDU PHFKDQLVP LV HGJH FKLSSLQJ DQG IUDFWXUH 7KLV PD\ EH
KDSSHQHGGXHWRWKHYLEUDWLRQRIFXWWLQJIRUFHVHJPHQWHGFKLSDQGZHOGLQJRIFRQWDFWLQJRIPDWHULDOV
EHWZHHQWKHZRUNSLHFHDQGFXWWLQJWRRO$WFXWWLQJVSHHGIURPPPLQWRPPLQWKHSUHGRPLQDQW
WRRO ZHDU PHFKDQLVPV DUH DEUDVLRQ R[LGDWLRQ DQG HGJH FKLSSLQJ GXH WR WKH IULFWLRQ DQG WKHUPDO
VRIWHQLQJ
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